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Abstract –A lightning stroke presents a real challenge due to 
its potential to cause irreversible damage on electronics. 
Future systems are packaged in composite shielding 
materials, which give little or no protection with respect to 
the electromagnetic fields caused by a nearby strike. A direct 
lightning stroke is even a higher threat for densely packed 
electronics in composite housings. Our objective is to 
determine an appropriate level of protection for a direct 
stroke. From the military standard MIL-STD-464A - Severe 
Strike, peak currents of the discharge between 50 and 200 
kA, for the A pulse, 2 kA for the B pulse and 200 to 800 Amps 
for the C pulse are re-created in a closed environment. 
Experiments have been carried out using a test setup that 
could duplicate these three discharge components on 
structures representative for radar housing. 
I. Introduction 
Composite housings and the high-density packaged 
electronic components are causing a high engineering 
challenge in the design of modern radar systems. The 
intense use of these two elements in combination comes 
with a price. Their level of immunity (resistance) to 
withstand direct or indirect lightning stroke is limited due 
to the limited shielding of the composite housings. Another 
challenge is the top-side design of naval vessels. Often a 
radar system is placed at the highest location of ship, such 
as the Long Range Radar (LRR), as shown in Figure 1.  
 
Figure. 1 – LRR on top of the deck 
The design of the LRR includes several lightning 
protection features such as lightning rods. The protected 
area and the maximum currents in the structure of the LRR 
are obtained using the Rolling Sphere Model (RSM). 
 
Figure. 2 – LRR 
The lightning rods have been tested using a test setup that 
creates the currents as stated in MIL-STD 464A, Severe 
Stroke. This setup will be described in the following 
section. The setup is also being used to verify new 
concepts to protect electronics in composite housings. 
These experiments are described in following sections. 
II. Lightning wave shapes 
Additional analyses using the actual current have to be 
carried out after the application of the RSM. And in 
support to these analyses and tests comes the military 
standard MIL –STD-464A for Severe Strikes. It gives the 
parameters of an extremely violent lightning strike. 
Our aim is to recreate the wave shapes specified for this 
strike, of the so-called A, B and C pulses. By the “A pulse” 
we mean the beginning discharge of a lightning stroke. The 
current of the A pulse has a fast rate of ascend, a peak 
value reaching 200kA ± 10%, and an action integral  
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The total duration of the A pulse is about 200μs and the 
rise time of the current from 0 to 200kA is around 10μs. 
The A pulse is instantly followed by an intermediate pulse, 
100 times smaller, the B pulse. It last longer, around 4.5 to 
5 ms, but its peak current only reaches 2kA ± 10%.  
 Figure. 3 - The A, B, C and D pulses of a lightning 
This second pulse can be considered a flat pulse, having 
almost the same current intensity during its entire duration. 
The last pulse, the C pulse, is the smallest looking at the 
peak current, but is also the longest. The total duration 
reaches from 0.25s to 1s and the respective current is 
between 800A to 200A. The equivalent charge of this C 
pulse is around 200 Coulombs. 
In some very rare cases there is a fourth current, the re-
striking current, that has a reduced peak current and also a 
reduced action integral. It is the D pulse. The four pulses 
represented above, can be considered as one of the most 
destructive lightning strokes. But the probability for such a 
severe strike is very low. 
A - Pulse circuit 
In the case of a lightning, the current has only one polarity, 
and in almost 80% of cases this characteristic is negative. 
(Cloud negative, Earth positive) In this case, the test 
equipment setup consists of a series of normal capacitors 
storing electrical energy, and discharging trough an 
inductive load circuit. The test circuit has its own internal 
inductance, providing a gradual discharge of the circuit in 
a damped periodic manner. Described by the following 
equations: 
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If the circuit resistance (dumping) is increased, the 
equation becomes aperiodic. 
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To find the transition between the two conditions, we use 
the following relations, for the critically damped case: 
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And the action integral is: 
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The initial rate of change for the current is: 
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These can be explained in numbers, using an impedance L 
= 5 H, a current I = 200kA and an electric field energy of 
100kJ. The capacitor bank can have 120kJ in a low 
damped circuit, which is enough. In order to have the 
required current for the experiment, the stored energy by 
the capacitors has to reach 2.2MJ. Using a crowbar gap in 
parallel to the capacitor bank solves the problem of space 
and high internal inductance with such a large capacitor 
(2.2MJ). And when the current reaches the necessary peak 
value the gap is triggered. Also, in this way, the current 
decays exponentially by the L/R time constant of the 
circuit, while another condition to have the desired results 
is that this L/R time constant is sufficiently long. 
When we think of protection, we think about avoiding a 
misfire of the gap when the capacitors reach a high voltage 
level. If the gaps are triggered in air, the percentage of the 
lowest value to trigger and to withstand the voltage is 
around 30%. Exceeding this value will result in damages to 
the equipment. 
B - Pulse circuit; see figure 5. 
As power supply for the B pulse we use an artificial 
feeding line. Realized by a number of L.C sections the 
artificial line provides a flat-topped current easily. To 
reach voltages between 10 and 30 kV, the bank energy is 
100 to 200kJ. During tests, the arcing voltage depends on 
the length of the arc. A 1 to 5 cm arc is considered normal, 
but larger arc length is better to avoid the fixation of the 
arc to the electrode. A 1400V arc has a length of almost 
30cm and gives the possibility to be maintained. A very 
compact pulse-shaping network can be realized by 6 
capacitor groups of 16  100 F each and 5 coils of 160 H 
each. An HV single layer coil of 80 H represents the end 
coil and forms the coupling element to the DUT (Device 
under Test). 
C - Pulse circuit; see figure 4. 
A 200C charge needed for the C pulse is delivered by 
another pulse shaping network. The requirements for this 
pulse are: an average value of 400A, duration of 0.5 s. at a 
driving voltage of 1400V in total, 140mF, and 140kJ. In 
order to be more economic, the use of electrolytic 
capacitors and clamping diodes to avoid a voltage reversal 
is imperative. The use of lead batteries is an option. 
The use of a synchronous generator with a step – up 
transformer and rectifier diodes is advised for this part of 
the process. For example, the 400V/ 125A local network 
and a 15kVA transformer operated in short run conditions 
with 100A LV fuses for protection. In order to generate 
and maintain a 30cm arc the circuit is provided with a 
16mH smoothing air core reactor and 6 pulse bridge 
diodes. 
The last coil of the B circuit connects the DUT to the entire 
workbench. A spark gap and a series of metal – oxide 
varistors represent the protection against excessive over 
voltages and a series diode realizes the decoupling between 
the B circuit and the C circuit, and also prevents the 
chopping instability of the arc into the large input 
capacitances of the B circuit. 
 
Figure. 4 – Simplified circuit for the B and C pulse 
III. Tests in frames 
Because in real life this type of radar (the LRR) is a large 
and heavy structure, a simplified version was required in 
order to perform the tests. This correlated to the hope to 
give in the future new, light and improved, versions of 
radars.  
We start our tests with the worst-case scenario in order to 
measure the maximum field in such a structure - a scaled 
Aluminium frame 50 x 50 x 50 cm. The Aluminium has 
three advantages – it is light, gives physical strength to the 
whole structure, and can become the current path for the 
lightning current. The bare frame is the departure point, in 
our quest. By conducting the high currents, the Lorentz 
forces generated can either shred the cage into pieces, or it 
stands such a severe strike with almost no harm done. The 
Aluminium L shaped bars were riveted together, and this 
represents an intentional weakness.  
 
Figure. 5 – The Aluminum frame without panels (the DUT) 
Not only the structural integrity was our aim, but also to 
determine the EM fields induced inside and the transients 
generated by the flow of the lightning current in the 
structure. For this purpose we conceived a set of coils, 
positioned at various distances from the vertical bars of the 
frame, inside and outside the structure. The coils 
represented the response of a real conductor placed inside 
or in the vicinity of the given structure.  
Two sizes of coils were used, and their radiuses were 20 
and 25 mm, while the thickness of the Cupper wire was 11 
and respectively 5 mm thick. 
 
Fig. 6 – Coils used for magnetic field measurements 
From the MIL –STD-464A, in the case of a severe stroke, 
the maximum magnetic field strength rate of change 
reaches 2,2 x 10
9
 [A/m/s]. In these conditions, our probes 
were operative on frequencies from 100 to 1x10
6
 [Hz]. 
Due to the low frequency of the lightning pulse, a low-pass 
filter was used to correct the frequency response to start at 
300 [Hz]. This “trick” reduces the total response in terms 
of Volts per Ampere, but is allowed since the amplitude of 
the pulse is so high. 
IV. Results 
Only after several tens of strokes the structure was 
damaged. And because of the design, the structure gives us 
the opportunity to add various types of side panels to the 
Aluminium frame. Going from fully metallic (Aluminium 
or Copper), to semi metallic (Composites with metal 
meshing or Shieldex), and to end with fully composite 
panels. In this last case, the Aluminum frame will act as 
the only “down conductor” of the structure. 
 
Fig. 7 – DUT under test 
The data we have for the moment, together with the data 
from the following months will give us the base to verify 
the experiments via simulation, using a time domain 
simulation tool. 
 
Fig. 8 – Damage assessment after a few dozen tests 
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